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Abstract Sticta (Schreber.) Ach. is one of the common lichen genera in tropical and subtropical regions, but not in the Korean 
Peninsula. For almost two decades, no detailed taxonomic or revisionary study has been done on this genus. This study was 
based on the specimens deposited in the lichen herbarium at the Korean Lichen Research Institute, and the samples were 
identified on the basis of recent literature. In this revisionary study, a total of eight species of Sticta, including a newly recorded 
one are documented. These species include Sticta fuliglnosa (Dicks.) Ach., Sticta gracilis (Mull. Arg.) Zahlbr., Sticta limbata (Sm.) 
Ach., Sticta nylanderiana Zahlbr., Sticta sublimbata (J. Steiner) Swinscow & Krog, Sticta weigelil (Ach.) Vain., Sticta wrightii Tuck., 
and Sticta yatabeana Mull. Arg. Detailed descriptions of S. nylanderiana, S. sublimbata, S. weigelil, and S. yatabeana with their 
morphological, anatomical, and chemical characteristics are provided. A key description of all known Sticta species of the Korean 
Peninsula is also presented. 
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The genus Sticta (Schreber.) Ach. belongs to family 
Lobariaceae [1]. It is one of the commonest foliose lichens, 
characterized by the presence of cyphellae on their lower 
surface [2] . This genus is superficially similar to two genera, 
namely, Lobaria (Schreber) Hoffm. and Pseudocyphellaria 
Vain., but is distinguished by the presence of cyphellae 
[3, 4]. In addition to the presence of cyphellae, this genus 
is mainly characterized by a lobate thallus, spreading or 
stalked with an erect monophyllous to polyphyllous frond. 
The lobes are irregularly branched, rounded to imbricate 
to variously incised, often lacerate-notched, with or without 
isidia, soredia, or phylUdia [5]. 

Although the genus Sticta is primarily tropical to 
subtropical in distribution, its species exist as far north as 
Norway [6] and as far south as the southern tip of South 
America [7]. Although Moncada et al. [8] stated that the 
actual number of existing species is unknown, 190 species 
have been identified thus far [9]. Monographic revisionary 



work on the genus Sticta has been carried out in different 
regions in the world [4, 7, 8, 10-13]. 

In a recent monographic study, Takahashi [14] has 
reported 11 Sticta species from the South Asian region 
including China and Japan. In South Korea, no comprehensive 
work on Sticta has been done, and very Uttle information 
is available on most of the known South Korean species. 
Park [15] has made a key description of only two Sticta 
species, namely, S. nylanderiana and S. yatabeana. To date, 
seven species have been reported from South Korea [16]. 
These include Sticta fuliginosa (Dicks.) Ach., Sticta gracilis 
(Miill. Arg.) Zahlbr., Sticta limbata (Sm.) Ach., Sticta 
nylanderiana Zahlbr., Sticta weigelii (Ach.) Vain., Sticta 
wrightii Tuck., and Sticta yatabeana MiiU. Arg. Therefore, 
our aim in this study was to identify the presence of other 
Sticta species in the South Korean lichen species collection, 
which is deposited in the Korean Lichen Research Institute 
(KoLRI), by using taxonomic, chemical, and molecular 
analyses. 

MATERIALS AND METHODS 

The study was based on the specimens deposited in the 
KoLRI. The Uchen samples were identified using stereo 
and light microscopes: a dissecting microscope (SMZ645; 
Nikon, Tokyo, Japan) was used for examining the thallus 
morphology, reproductive structures, color, size, and shape, 
and a compound microscope (ZEISS Scope, Al; Zeiss, 
Oberkochen, Germany) was used for studying the anatomy 
of thaUi. Spot test reactions were carried out on thaUi 
under a compound microscope. 

Chemicals were extracted in analytical-grade acetone 
using 0.1 g of the thallus in a 1-mL Eppendorf tube. Then, 
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thin layer chromatography (TLC) was done using a glass 
plate coated with TLC Silica gel 60, in solvent system A 
(toluene : dioxin : acetic acid = 180 : 45 : 5) [17]. All examined 
localities of specimens were mapped using open source 
GIS software Quantum GIS 1.7.0 (http://www.qgis.org). 
Voucher specimens have been deposited in the herbarium 
of the Lichen & Allied Bio-resource Centre at the KoLRL 
Sunchon National University, South Korea. 

Total DNA was extracted directly from the thalli of the 
selected specimens (KoLRI000321-KF730790, KoLRI000449- 
KF730791, KoLRI000460-KF840681, KoLRI000468-KF730792, 
and KoLRI008817-KF730793) [18] and was purified using 
the DNeasy Plant Mini Kit (Qiagen, Hilden, Germany). 
The nuclear ribosomal RNA gene region, including the 
internal transcribed spacers (ITSs) 1 and 2 and the 5.8S 
subunit (ITS), was amplified using the primers ITSIF [19] 
and LR5 [20]. Amplification was performed on a TaKaRa 
JP/TP600 PGR machine (TaKaRa Bio Inc., Otsu, Japan). 
PGR products were then sent to the sequencing facilities of 
GenoTech Gorp. (Seoul, Korea) for cleaning and sequencing. 

Alignment was done using BioEdit software [21]. 
Seventeen additional ITS sequences of Sticta were recovered 
from GenBank. Ambiguous regions were delimited [22] and 
excluded from the alignment. Four species — Pseudocyphellaria 
neglecta (Miill. Arg.) H. Magn., P. crocata (L.) Vain., Lobaria 
retigera (Bory) Trevis., and Cladonia macilenta Hoffm) — were 
selected as out-groups on the basis of BLAST comparison 
in GenBank. Phylogenetic relationships between taxa were 
investigated using MEGA 5.2 software [23]. The data set 
was analyzed using the neighbor joining (NJ) method, and 
support values were obtained using a bootstrap analysis of 
1,000 pseudoreplicates. 

RESULTS AND DISCUSSION 

Phylogenetic analysis. The ITS matrix included 382 
characters, 132 of which were variable. The NJ tree (Fig. 1) 
shows that all S. nylanderiana and S. yataheana are 
clustered within the well-supported clade (bootstrap, 84%). 
All species within this clade do not contain any isidia or 
soredia on their thallus. S. yataheana is closely related to S. 
nylanderiana (bootstrap, 100%) in that it does not have 
gyrophoric acid in the medulla. S. weigelii is closely related 
to S. fuliginosa (bootstrap, 92%). Both these species are 
characterized by the presence of esorediate isidia. S. 
weigelii from Japan (AB245124) and Finland (AF524905) 
are clustered in a different clade, with a 49% bootstrap 
value. Because some specimens were a little old, it was 
difficult to extract the total DNA from the thallus. Therefore, 
only a small number of thalli were used to extract DNA in 
this study. 

Key to the South Korean species of Sticta 

1. Thallus stalked, isidiasoredia absent, thallus glabrous at 

lobe apices S. gracilis 
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Fig. 1. Phylogenetic relationships between species of Sticta 
for which molecular data are currently available in the public 
database GenBank. This phylogeny was obtained using the 
marker internal transcribed spacer and an neighbor joining 
criterion using software MEGA5. "Specimens selected for the 
current study. 

2. Lobes isidiate or sorediate 3 

2a. Lobes without isidia and soredia 6 

3. Sorediate, monophyllous S. limbata 

3a. Thallus isidiate 4 

4. Isidia sorediate, medulla K- S. sublimbata 

4a. Isidia esorediate 5 

5. Thallus monophyllous, isidia granular to coralloid, 

medulla K- S. fuliginosa 

5a. Thallus polyphyllous, isidia cyUndrical to coralloid, 
medulla K-i- (yellow) S. weigelii 

6. Upper surface glabrous, medulla KC+ (rose-red), gyrophoric 

acid present S. nylanderiana 

6a. Upper surface hirsute, medulla KG-, gyrophoric acid 
absent 7 

7. GypheUae rounded, shallowly excavate S. wrightii 

7a. Gyphellae irregular, scarcely excavate S. yataheana 

Species description. 

Sticta nylanderiana Zahlbr., Zahlbruckner's Gat. Lich. 
Univ 3: 356 (1925). 

Thallus lobate, green to grayish-green, non-stipitate, 
polyphyllous frond, loosely attached, 5-20 cm wide. Lobes 
irregularly branching, 0.5 to 1.5 cm wide, rounded to 
truncate apex, without isidia, soredia, or phyllidia. Upper 
surface smooth, somewhat glossy, without maculae. Medulla 
white, 60-200 ^im thick, loosely interwoven. Photobiont 
layer 15-70 ^im thick with green algae. Lower surface pale 
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Fig. 2. Sticta species. A, S. nylanderiana (J. S. Hur, 030664); 
B, S. nylanderiana — lower surface with cyphellae; C, S. 
suhlimhata (J. S. Hur, 070686); D, S. sublimbata — lower surface 
with cyphellae; E, S. weigelii (J. S. Hur, 030646); F, S. weigelii — 
lower surface with cyphellae; G, S. yatabeana (J. S. Hur, 
040504); H, S. yatabeana — lower surface with cyphellae (scale 
bars: A, C, E, G = 1 cm, B, D, H = 1 mm, F = 0.5 mm). 

to dark brown, densely tomentose in the middle, glabrous 
at the margins. Cyphellae round, shallowly excavate with 
non-prominent margins. Apothecia somewhat rare, 0.6- 
3 mm in diameter; disc brown, matt, epruinose; margins 
entire; proper exciple well-developed, smooth to dentate, 
without photobiont cells. Ascospores fusiform-ellipsoidal 
to linear, 40-60 x 4-6 ^im, 5-7 septate, colorless. Pycnidia 
laminal, crowded on thallus margin. Conidia 3.0-5.0 x 
1-1.5 [im, bacilliform (Fig. 2A). 

Chemistry: Cortex K-, C-, KC-, P-; medulla K-, C-, 
KC-i- (rose to red), P-. TLC: gyrophoric acid, congyrophoric 
acid, pseudocyphellarin A, unknown 1 to 5 (Fig. 3). 
Remarks: S. nylanderiana is characterized by the presence 
of glabrous, shiny upper surface without soredia, isidia, 
or lobules, rounded cyphellae without non-prominent 
margins, and gyrophoric acid in the medulla. This species 
is similar to S. yatabeana in external appearance, but the 
latter species differs in having small cortical hairs on the 
upper surface and not having gyrophoric acid in the 
medulla. 




Fig. 3. Thin layer chromatography profile of Sticta species in 
solvent system A. 1, S. nylanderiana with pseudocyphellarin 
A (a), congyrophoric acid (g), gyrophoric acid (h), unknown 

1 (b), unknown 2 (c), unknown 3 (d), unknown 4 (e), and 
unknown 5 (f); 2, S. sublimbata with unknown 1 (i), unknown 

2 (j), and unknown 3 (k); 3, Control [Lethariella cladonioides 
(Nyl.) Krog] with atranorin (1) and norstictic acid (m); 4, S. 
weigelii with unknown 1 (n), unknown 2 (o), unknown 3 (p), 
and unknown 4 (q); 5, S. yatabeana with unknown 1 (r), 
unknown 2 (s), and unknown 3 (t). 

Selected specimens examined: Mt. Duta, on bark, 
37°25'49.8" N, 128°58'40.5" E, elev 1,377 m, 11 May 2008, 
J. S. Hur, 080175; Mt. Taebaek, on bark, 37°06'08.2" N, 
128°55'53.1" E, elev 1,308 m, 20 Aug 2003, J. S. Hur, 
030664; on bark, 37°06'11.4"N, 128°55'55.8"E, elev 1,254 m, 
20 Aug 2003, J. S. Hur, 030658. 

Ecology and distribution: S. nylanderiana is a common 
species on barks at higher elevations around 900 m to 
1,700 m in South Korea (Fig. 4). This species was reported 
for the first time in South Korea by Kim [24]. According 
to Takahashi [14], this species is more widely distributed 
in Japan. This species has also been found in other Asian 
and Southeast Asian countries including Bhutan, China, 
Nepal, Thailand, and Tibet [10, 14, 25]. 

Sticta sublimbata (J. Steiner) Swinscow & Krog, in 
Galloway, N. Z. J. Bot. 21: 198 (1983). 
Thallus lobate, green to bluish-gray, non-stipitate, polyphyllous 
frond, loosely attached, 5-8 cm wide. Lobes irregularly 
branching, 0.5 to 1.5 cm wide, rounded apex, with sorediate 
isidia at the margins. Isidia minute, granular-coraUoid, 
dark gray-brown, soon eroding and becoming sorediate. 
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Fig. 4. Distribution of Sticta species in South Korea: S. 
nylanderiana (•), S. sublimbata (O), S. weigelii (i^r), and S. 
yatabeana ( A ). 

Upper surface smooth, shallowly wrinkled, maculate. Medulla 
white, 20-80 Jim thick, loosely interwoven. Photobiont 
layer 25-60 |im thick with cyanobacteria Nostoc. Lower 
surface dark brown to black, densely tomentose. Cyphellae 
round, shallowly excavate without prominent margins. 
Apothecia and pycnidia not seen (Fig. 2C). 
Chemistry: Cortex K-, C-, KC-, P-; medulla K-, C-, 
KC-, P-. TLC: unknown 1 to 3 (Fig. 3). 
Remarks: This species is newly found in South Korea 
during this study. S. sublimbata is characterized by the 
presence of a non-stipitate thallus and sorediate isidia 
along the margin. According to Takahashi [14], the 
appearance of isidia varies with the development stage of 
the thaUus. This species closely resembles S. weigelii, but 
the latter species has marginal coralloid isidia. This species 
is closely related to S. limbata (Sm.) Ach. by external 
appearance, but the latter species has a sorediate instead of 
a sorediate-isidiate margin [14]. 

Selected specimens examined: Mt. Hambaek, on bark, 
37''ir27.3" N, 128''54'52.9" E, elev 1,445 m, 19 Jun 2007, 
J. S. Hur, 070686. 

Ecology and distribution: This species is very rare in 
South Korea. Only a single specimen was foimd on a bark 
at higher elevation (Fig. 4). This species has also been 
found in Japan [14], East Africa [26], South America [7], 
New Zealand [11], and Australia [5]. 

Sticta weigelii (Ach.) Vain., Acta Soc. Fauna Flora Fenn. 7: 
189 (1890). 

Thallus lobate, bluish-gray to grayish brown, non-stipitate. 



polyphyllous frond, deeply dissected, loosely attached, 5-7 
cm wide. Lobes irregularly branching, 0.5 to 1.5 cm wide, 
rounded apex, with isidia at the sinuous margins, esorediate, 
etomentose. Isidia minute, cylindrical to coralloid, dark 
gray-brown, densely crowded at the margins. Upper surface 
glabrous, flat to concave, maculate. Medulla white, 80- 
120 Jim thick, densely interwoven. Photobiont layer 60- 
100 |j,m thick with cyanobacteria Nostoc. Lower surface 
dark brown to black, densely tomentose. Cyphellae round, 
deeply excavate with prominent margins. Apothecia and 
pycnidia not seen (Fig. 2E). 

Chemistry: Cortex K-, C-, KC-, P-; medulla K+ 
(yellow), C-, KC-, P-. TLC: unknown 1 to 4 (Fig. 3). 
Remarks: S. weigelii is characterized by the presence of a 
non-stipitate thallus and marginal to submarginal coralloid 
isidia. Further, the color reaction with KOH is specific in 
this species. According to Takahashi [14], the well-developed 
thallus of this species contains coralloid isidia not only at 
the margins but also on the lamina. This species very 
closely resembles S. sublimbata towing to the presence of 
marginal coralloid isidia, but the latter species is distinguished 
by the presence of sorediate isidia and absence of chemicals 
in the medulla. 

Selected specimens examined: Mt. Taebaek, on rock, 
37''06'16.4" N, 128''56'31.8" E, elev. 1,011 m, 20 Aug 2003, 
J. S. Hur, 030646. 

Ecology and distribution: This species is somewhat rare 
in South Korea. Only a single specimen was found on a 

rock at higher elevation (Fig. 4). This species widely 
distributed in tropical and southern-temperate regions [5]. 
In East Asia, this species has been found in Japan [14] and 
China [10, 25]. 

Sticta yatabeana Mull Arg., Flora 74: 111 (1891). 

Thallus lobate, green to grayish-green, non-stipitate, 
polyphyllous frond, loosely attached, 5-10 cm wide. Lobes 
irregularly branching, 0.5 to 1.5 cm wide, roimded to 
truncate apex, without isidia, soredia, or phyllidia. Upper 
surface smooth, somewhat glossy, maculate, tomentose. 
Medulla white, 150-200 ]ua thick, loosely interwoven. 
Photobiont layer 15-30 |im thick with green algae. Lower 
surface pale to dark brown, densely tomentose at the 
center, glabrous at the margins. Cyphellae irregular, scarcely 
collapsed with non-prominent margins. Apothecia stalked, 
0.8-5 mm in diameter; disc brown, matt, epruinose; margins 
entire; proper exciple well-developed, smooth to dentate, 
with photobiont cells. Ascospores fusiform-ellipsoidal to 
linear, 40-100 x 3-4 \im, 3-7 septate, colorless. Pycnidia 
laminal, crowded on thallus margin. Conidia 2.0-6.0 x 
1-1.5 |j,m, bacilliform (Fig. 20). 

Chemistry: Cortex K-, C-, KC-, P-; medulla K-, C-, 
KC-, P-; TLC: unknown 1 to 3 (Fig. 3). 
Remarks: Sticta yatabeana is characterized by a hirsute 
upper surface without soredia, isidia, or lobules; irregular 
cyphellae without non-prominent margins; stalked apothecia 
with thalloid exciple; and the absence of gyrophoric acid in 
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the medulla. This species is similar to S. nylanderiana in 
external appearance, but the latter species differs in having 
a glabrous upper surface and the presence of gyrophoric 
acid in the medulla. 

Selected specimens examined: Mt. Odae, on bark, 
37°46'21.6" N, 128°36'04.9" E, elev. 1,460 m, 8 May 2004, 
J. S. Hur, 040504; Mt. Taebaek, on bark, 37°06'23.1" N, 
128°54'37.5" E, elev. 1,290 m, 9 Apr 2004, J. S. Hur, 040182; 
Mt. Gariwang, on bark, 37°27'26.1"N, 128°32'44.6"E, elev 
1,297 m, 10 May 2008, J. S. Hur, 080096. 
Ecology and distribution: S. yatabeana is a common 
species on barks at higher elevations of about more than 
1,200 m in South Korea (Fig. 4). This species was reported 
for the first time in South Korea by Park [15]. This species 
has only been found in Japan [14]. 

Species excluded in this study. According to the 
literature, Uchen species S. fuliginosa (Dicks.) Ach., S. 
gracilis (MiiU. Arg.) Zahlbr., S. limbata (Sm.) Ach., and 
Sticta wrightii Tuck, have previously been reported in 
South Korea. However, the specimens of those species are 
untraceable, and therefore, the descriptions are based on 
the previous literatures. 

Sticta fuliginosa (Dicks.) Ach., Method. Lich.: 280 (1803). 
This species is characterized by the presence of umbilicate 
monophyllous thallus, granular to coralloid isidia on upper 
surface, and round cyphellae with prominent margins [14]. 
According to Galloway [27], S. limbata (Sm.) Ach. has 
similar morphology with S. fuliginosa, but it differs by the 
presence of somewhat eroded soraUa on margins and 
upper surface. The presence of this species in South Korea 
was reported for the first time by Kim [24]. This is a 
cosmopolitan species, especially common in temperate 
areas [5, 10, 14, 27]. 

Sticta gracilis (Miill. Arg.) Zahlbr., Zahlbruckner's Cat. 
Lich. Univ 3: 386 (1925). 

This species is characterized by the presence of a stipitate 
thallus without isidia and soredia, hirsute near the stalk 
and central stalk. This species closely resembles Sticta 
duplolimbata (Hue) Vain, by the presence of stalked 
thallus, but is distinguished by the absence of marginal 
cHia and isidia [14]. The presence of this species in South 
Korea was first reported by Park [28] . This species has also 
been found in New Caledonia, China, Japan [10, 14], and 
Tibet [25]. 

Sticta limbata (Sm.) Ach., Method. Lich.: 280 (1803). 
This species is characterized by the presence of a 
monophyllous thallus with umbilicus on the central part of 
the lower cortex, marginal to submarginal soredia, branched 
tomenta, and deeply excavate cyphellae with prominent 
margins. This species is closely related to Sticta sublimbata 
in having marginal soredia, but the latter is distinguished 
by the presence of a polyphyllous thallus and sorediate 



isidia [5, 14]. The presence of this species in South Korea 
was first reported by Park [29]. This species is widely 
distributed in the Northern Hemisphere, East Africa, South 
America, Australia, and New Zealand. In the East Asian 
region, this species has been found in China [10, 25] and 
Japan [14]. 

Sticta wrightii Tuck., Am. J. Sci. Arts, Ser. 2 28: 204 
(1859). 

According to Takahashi [14], two morphotypes of S. 
wrightii exist. The chloromorph is characterized by the 
presence of glabrous foliose thallus with green algal 
photobiont, rounded to irregular cyphellae with non- 
prominent margins, and the absence of gyrophoric acid in 
the medulla. The cyanomorph of this species is characterized 
by the presence of a dendriscocauloid thallus with articulately 
ridged main branches and terete secondary branches, 
which are densely covered with tomenta. The presence of 
this species in South Korea was first reported by Kim [24]. 
The morphotype concept was not developed during that 
time, but the reported species would have belonged to the 
chloromorph type. This species has been found in other 
Asian countries including China [25], Japan [14], and 
MongoUa [30]. 

ACKNOWLEDGEMENTS 

This work was supported by a grant from the Korean 
Forest Service Program (KNA 2013) through the Korea 
National Arboretum and the Korean National Research 
Resource Center Program (NRF: 2012M3A9B8021726). 

REFERENCES 

L Eriksson OE. Outline of Ascomycota-2005. Myconet 2005; 
11:1-113. 

2. Yoshimura I, Hurutani R. Fine structures of cyphellae, 
pseudocyphellae and allied structures in lichen family 
Lobariaceae as determined by scanning electron microscopy. 
Bull Kochi Gakuen Coil 1987;18:345-59. 

3. Lindsay WL. Memoir on the spermogones and pycnides of 
filamentous, fruticulose, and foliaceous lichens. Trans R Soc 
Edinb 1859;22:101-303. 

4. Galloway DJ. Studies in Pseudocyphellaria (lichens) I. The 
New Zealand species. Bull Br Mus Nat His Bot 1988;17:1- 
267. 

5. Galloway DJ. Sticta. In: McCarthy PM, editor. Flora of 
Australia. Vol. 58A. Canberra and Melbourne: ABRS and 
CRISO Publishing; 2001. p. 78-97. 

6. Jorgensen PM. Sticta dufourii Dei. and its parasymbiont 
Arthonia abelonae P.M. Jorg. n. sp. in Norway. Nova Hedwigia 
1969;18:331-40. 

7. Galloway DJ. Studies on the lichen genus Sticta (Schreber) 
Ach.: I. Southern South American species. Lichenologist 
1994;26:223-82. 

8. Moncada B, Liicking R, Suarez A. Molecular phylogeny of the 
genus Sticta (lichenized Ascomycota: Lobariaceae) in Colombia. 



Lichen Genus Sticta in Korea 11 



Fungal Divers 2014;64;205-31. 
9. Kirk PM, Cannon PF, Minter DW, Stalpers JA. Ainsworth 
and Bisby's dictionary of the fungi. 10th ed. Wallingford: 
CABI Publishing; 2008. 

10. Jinong W, Huajie L. Flora Lichenum Sinicorum. Vol. 11. 
Peltigerales (1). Beijing: Science Press; 2012. p. 93-116. 

11. Galloway DJ. Studies on the lichen genus Sticta (Schreber) 
Ach. IV. New Zealand species. Lichenologist 1997;29:105-68. 

12. Joshi M. Awasthi DD. The lichen family Stictaceae in India 
and Nepal. Biol Mem 1982;7:165-90. 

13. McDonald T, Miadlikowska J, Lutzoni F. The lichen genus 
Sticta in the Great Smoky Mountains: a phylogenetic study of 
morphological, chemical, and molecular data. Bryologist 
2003;106:61-79. 

14. Takahashi K. Taxonomic revision of the genus Sticta 
(Lobariaceae, lichenized Ascomycota) in East Asia [dissertation]. 
Higashihiroshima: Hiroshima University; 2006. 

15. Park YS. The macrolichen flora of South Korea. Bryologist 

1990;93:105-60. 

16. Hur JS, Koh YJ, Harada H. A checklist of Korean lichens. 
Lichenology 2005;4:65-95. 

17. Orange A, James PW, White FJ. Microchemical methods for 
the identification of lichens. 2nd ed. London: British Lichen 
Society; 2010. 

18. Ekman S. PGR optimization and troubleshooting, with 
special reference to the amplification of ribosomal DNA in 
lichenized fungi. Lichenologist 1999;31:517-31. 

19. Gardes M, Bruns TD. ITS primers with enhanced specificity 
for Basidiomycetes: application to the identification of 
mycorrhizae and rusts. Mol Ecol 1993;2:113-8. 

20. Vilgalys R, Hester M. Rapid genetic identification and 



mapping of enzymaticaUy amplified ribosomal DNA from 
several Cryptococcus species. J Bacteriol 1990;172:4238-46. 

21. Hall TA. BioEdit: a user-friendly biological sequence alignment 
editor and analysis program for Windows 95/98/NT. Nucleic 
Acids Symp Ser 1999;41:95-8. 

22. Lutzoni F, Wagner P, Reeb V, ZoUer S. Integrating ambiguously 
aligned regions of DNA sequences in phylogenetic analyses 
without violating positional homology. Syst Biol 2000;49:628- 
51. 

23. Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar 
S. MEGA5: molecular evolutionary genetics analysis using 
maximum likelihood, evolutionary distance, and maximum 
parsimony methods. Mol Biol Evol 2011;28:2731-9. 

24. Kim S. Floral studies on the lichens in Korea. Bull Kongju 
Teachers GoU 1981;17:279-305. 

25. Wei JC. An enumeration of lichens in Ghina. Beijing: 
International Academic Publishers; 1991. 

26. Swinscow TD, Krog H. Macrolichens of East Africa. London: 
British Museum (Natural History); 1988. 

27. Galloway DJ. Flora of New Zealand: lichens, including lichen- 
forming and lichenicolous fungi. Lincoln: Manaaki Whenua 
Press, Landcare Research; 2007. p. 1675-92. 

28. Park ST. Gluster analysis of the foliose lichens in Mt. 
Duckyoo. Korean J Ecol 1983;6:145-51. 

29. Park ST. Lichens of Korea. J Sci Educ 1982;7:13-29. 

30. Biazrov LG, Gubanov lA, Ganbold E, Dulgerov AN, Cegmed 
C. Flora of Eastern Hungaja (Mongolian People's Republic). 
Moscow and Ulaanbaatar: Combined Soviet-Mongolian 
Biological Expedition, Academy of Sciences and Academy of 
Sciences of the Mongolian People's Republic; 1983. 



